Sepsis and its complications are the leading causes of mortality in intensive care units, accounting for 10-50% of deaths. Intensive care unit survivors present long-term cognitive impairment, including alterations in memory, attention, concentration, and/or global loss of cognitive function. In the present study, we investigated behavioral alterations in sepsis-surviving rats. One hundred and ten male Wistar rats (3-4 months, 250-300 g) were submitted to cecal ligation and puncture (CLP), and 44 were submitted to sham operation. Forty-four rats (40%) survived after CLP, and all sham-operated animals survived and were used as control. Twenty animals of each group were used in the object recognition task (10 in short-term memory and 10 in long-term memory), 12 in the plus-maze test and 12 in the forced swimming test. Ten days after surgery, the animals were submitted individually to an object recognition task, plus-maze and forced swimming tests. A significant impairment of short-and long-term recognition memory was observed in the sepsis group (recognition index 0.75 vs 0.55 and 0.74 vs 0.51 for short-and long-term memory, respectively (P < 0.05). In the elevated plus-maze test no difference was observed between groups in any of the parameters assessed. In addition, sepsis survivors presented an increase in immobility time in the forced swimming test (180 vs 233 s, P < 0.05), suggesting the presence of depressive-like symptoms in these animals after recovery from sepsis. The present results demonstrated that rats surviving exposure to CLP, a classical sepsis model, presented recognition memory impairment and depressive-like symptoms but not anxietylike behavior.
Introduction
Sepsis and its complications are a leading cause of mortality, accounting for 10-50% of deaths on intensive care units (1) (2) (3) (4) . Several studies have been performed to investigate the role of peripheral organs such as lungs, liver, gut, and kidneys in sepsis development (5) , but the participation of the central nervous system during sepsis has been studied less. Septic encephalopathy represents brain dysfunction due to sepsis or the systemic inflammatory response syndrome, and has been reported to occur in 8-70% of septic patients depending on the inclusion criteria employed (6) (7) (8) .
Survivors of critical care, including septic patients, may have persistenty compromised organ function, which may result in symptoms such as dyspnea, fatigue, depression, and impaired functional status. Recently, several studies have demonstrated that critical care survivors present long-term cognitive impairment, including alterations in memory, attention, concentration, and/or global loss of cognitive function (9) (10) (11) (12) (13) (14) (15) (16) (17) . However, the neurobiological mechanisms involved in this cognitive impairment remain unclear.
A recent study evaluating apoptosis and vulnerability of different brain regions induced by systemic inflammation concluded that the hippocampus is the most vulnerable region during experimental sepsis (18) . In this context, murine models of cecal ligation and perforation (CLP) are clinically relevant since they induce a polymicrobial sepsis that mimics human sepsis (19) (20) (21) (22) . The CLP model has contributed to the elucidation of the pathogenesis and to the determination of new therapies in sepsis (19, 20) . Shimizu et al. (23) demonstrated that 24 h after CLP animals presented learning impairment in passive avoidance retention. Moreover, we recently reported that CLP-induced sepsis survivors presented learning, aversive and spatial memory impairment when submitted to behavioral tasks 10 days after CLP (21) and learning and aversive memory impairment lasting up to 30 days after CPL (22) . Thus, CLP seems to be a good model for the study of cognitive and emotional alterations as late manifestation of sepsis.
Therefore, the objective of the present study was to determine changes in recognition memory and the presence of anxiety-or depressive-like symptoms in severe sepsissurviving rats.
Material and Methods

Subjects
Male Wistar rats (3-4 months, 220-310 g) were obtained from our breeding colony (UNESC). The animals were housed 5 to a cage with food and water available ad libitum and were maintained on a 12-h light/ dark cycle (lights on at 7:00 am). All experimental procedures involving animals were performed in accordance with the NIH Guide for the Care and Use of Laboratory Animals and the Brazilian Society for Neuroscience and Behavior (SBNeC) recommendations for animal care.
Cecal ligation and perforation surgery
The animals were subjected to CLP as previously described (19) (20) (21) (22) . Briefly, rats were anesthetized with a mixture of ketamine (80 mg/kg) and xylazine (10 mg/kg), given intraperitoneally. Under aseptic conditions, a 3-cm midline laparotomy was performed to allow exposure of the cecum with the adjoining intestine. The cecum was tightly ligated with a 3.0-silk suture at its base, below the ileocecal valve, and was perforated once with a 14-gauge needle. The cecum was then gently squeezed to extrude a small amount of feces from the perforation site returned to the peritoneal cavity, and the laparotomy was closed with 4.0-silk sutures. Animals were resuscitated with normal sa-line (50 mL/kg subcutaneous) immediately and 12 h after CLP. All animals were returned to their cages with free access to food and water. In this model septic rats become bacteremic with Gram-negative enteric organisms. In the sham-operated group the rats were submitted to all surgical procedures but the cecum was neither ligated nor perforated.
Treatment protocols
After surgery, the sepsis group received "basic support" (50 mL/kg saline immediately and 12 h after CLP plus 30 mg/kg ceftriaxone and 25 mg/kg clindamycin every 6 h for a total of 3 days). The sham-operated group received only 50 mL/kg saline immediately and 12 h after surgery and the volume of saline corresponding to antibiotic administration. To perform behavior experiments 44 animals were sham-operated and the survival in this group was 100%; 10 animals were used as control to the shortterm memory in the object recognition task, 10 animals were used as control to the longterm memory in the object recognition task, 12 animals were used as control to the plusmaze test, and 12 animals were used as control to the forced swimming test. One hundred and ten animals were submitted to CLP and 40% of these animals survived to perform behavioral tests (N = 44). These animals were divided as follows: 10 animals were used in the short-term memory object recognition task, 10 animals were used in the long-term memory object recognition task, 12 animals were used in the plus-maze test, and 12 animals were used in the forced swimming test. The number of survivors agreed with previous reports from our group (19) (20) .
Behavioral tests
Ten days after surgery the animals were submitted individually to the object recognition task, elevated plus-maze or forced swimming tests. All behavioral procedures were conducted between 13:00 and 16:00 h in a sound-isolated room. All behavioral tests were recorded by an observer who was blind to the animal group.
Object recognition
The apparatus and procedures for the object recognition task have been described elsewhere (24, 25) . Briefly, the task took place in a 40 x 50-cm open field surrounded by 50-cm high walls made of plywood with a frontal glass wall. The floor of the open field was divided into 12 equal rectangles by black lines. All animals were submitted to a habituation session where they were allowed to freely explore the open field for 5 min. No objects were placed in the box during the habituation trial. Crossings of the black lines and rearings performed in this session were evaluated as locomotor and exploratory activity, respectively.
Twenty-four hours after habituation, training was conducted by placing individual rats for 5 min in the field, in which two identical objects (objects A1 and A2; both being cubes) were positioned in two adjacent corners, 10 cm from the walls. In a short-term recognition memory test given 1.5 h after training, the rats explored the open field for 5 min in the presence of one familiar (A) and one novel (B, a pyramid with a square-shaped base) object. All objects had similar textures (smooth), colors (blue), and sizes (weight 150-200 g), but distinctive shapes. A recognition index calculated for each animal is reported as the ratio TB/(TA + TB) (TA = time spent exploring the familiar object A; TB = time spent exploring the novel object B). Between trials the objects were washed with 10% ethanol solution. In a long-term recognition memory test given 24 h after training, the same rats were allowed to explore the field for 5 min in T. Barichello et al. www.bjournal.com.br the presence of the familiar object A and a novel object C (a sphere with a squareshaped base). Recognition memory was evaluated as done for the short-term memory test. Exploration was defined as sniffing (exploring the object 3-5 cm away from it) or touching the object with the nose and/or forepaws.
Elevated plus-maze
The elevated plus-maze task used in animal models of anxiety has been described in detail elsewhere (26, 27) . Briefly, the apparatus consisted of two open arms (50 x 10 cm) and two enclosed arms (50 x 10 x 40 cm) arranged in such a way that the two arms of each type were opposite to each other, and a central platform (5 x 5 cm). The maze's height was 50 cm and the tests were conducted under dim red light. Animals were exposed for 5 min to the red light in their own home cages before the testing procedure. Next, they were placed individually on the central platform of the plus-maze facing an open arm. During a 5-min test period the following measurements were recorded by two observers: the number of entries, the time spent in the open and closed arms, and the total number of arm entries.
Forced swimming test
The forced swimming test was conducted according to previous reports (28) (29) (30) . Briefly, the test involves two exposures to a cylindrical water tank in which rats cannot touch the bottom or from which they cannot escape. The tank is made of transparent Plexiglas and is 80 cm tall, 30 cm in diameter, and filled with water (22-23ºC) to a depth of 40 cm. Water in the tank was changed after each rat. For the first exposure, rats were placed in the water for 15 min (pre-test session). Twenty-four hours later the rats were placed in the water again for a 5-min session (test session). Behavior was videotaped for later analysis, and the periods of immobility, swimming, and struggling time were recorded. The rats were judged to be immobile whenever they stopped swimming and remained floating in the water, with their head just above water level.
Statistical analysis
Data for recognition indexes are reported as median and interquartile ranges. Comparisons among groups were performed using Mann-Whitney U-tests. Recognition indexes within individual groups were analyzed by Wilcoxon tests. The data for the elevated plus-maze and forced swimming tests are reported as means ± SEM and were analyzed by the Student t-test. In all comparisons, P < 0.05 indicated statistical significance.
Results
Object recognition
In the habituation session, no significant differences were observed in the number of crossings or rearings (P = 0.56; Figure 1A ). In Figure 1B , Wilcoxon tests showed that the sham group, but not the sepsis group, spent a significantly higher percentage of time exploring the novel object during either short-or long-term retention test sessions in comparison with the training trial. In addition, the sepsis group presented a significant reduction in the recognition index in shortand long-term recognition retention tests compared to the sham group (Mann-Whitney U-test, P < 0.05). The results indicate that sepsis survivors presented an impairment of novel object recognition memory.
Elevated plus-maze
No statistically significant difference was observed in the number of entries (P = 0.65) or in the time spent in the arms (P = 0.51) between groups.
Forced swimming test
In the test session (5 min), 24 h after the pretest session (15 min), we observed a significant increase in the immobility time in the sepsis group compared to the sham group (P < 0.05), as shown in Figure 2 .
Discussion
Previous reports involving intensive care unit survivors demonstrated cognitive impairment at discharge from the hospital (9) (10) (11) (12) (13) (14) (15) (16) (17) . In long-term follow-up studies most patients showed improvement in overall cognitive function; however, some cognitive skills, such as memory, were not completely recovered (9, 13, 14) . The mechanisms involved in these cognitive impairments remain unclear. In recent reports we demonstrated that CLP, a clinically relevant model of sepsis in rats, presented impairment in learning and memory. Our results were clinically relevant since 10 and 30 days after CLP the animals had fully recovered with no signs of infection or motor alterations (21, 22) .
We have recently reported aversive and spatial memory impairments in severe sepsis-surviving rats (21, 22) . The present study investigated this issue in rats trained in an object recognition task. This task, originally developed by Ennaceur and Delacour (31) , is based on the tendency of rodents to explore a novel object more than a familiar one. Because no rewarding or aversive stimulation is used during training, the learning occurs under conditions of relatively low stress or arousal (31). Here we found that sepsis-surviving rats presented significant impairment of novel object recognition memory. These findings are relevant since the novel object recognition task in rodents is a nonspatial, nonaversive memory test, in contrast to our previous reports (21, 22) . In addition, the object recognition task has also been increasingly used as a powerful experimental tool to assess drug effects on memory and to investigate the neural mechanisms underlying learning and memory (24, 25, (32) (33) (34) (35) .
In the elevated plus-maze, a validated test to evaluate anxiety-like behavior (26) , no differences were demonstrated between groups, indicating that sepsis survivors did not presented anxiety-like symptoms after recovery from disease.
Sepsis survivors presented depressivelike symptoms assessed in the forced swimming test. The time of immobility was significantly longer in the sepsis group. The original view of the forced swimming test offered by Porsolt (28) was that of a model of depression with features similar to those of the learned helplessness model but technically easier to produce. The internal affective state of rodents after exposure to the initial swim in the forced swimming test was labeled as 'behavioral despair'. The pretest swim induction procedure has been proposed to be similar to the initial session that induces learned helplessness by exposing rats to inescapable stress. Induction of learned helplessness produces broad-ranging behavioral deficits in affect, cognition, sleep, and motor performance that closely resemble many of the symptoms of depression (36) . Additionally, as described above, the sepsissurviving group did not present locomotor activity impairment, supporting the idea that the longer immobility time in the sepsis group was related to depressive-like symptoms. This finding agrees with clinical studies that show depressive symptoms in survivors of severe diseases such as sepsis and septic shock (9, (11) (12) (13) 15) .
In summary, our results demonstrated that survivors of CLP, a classical sepsis model, presented recognition memory impairment and depressive-like symptoms but not anxiety-like behavior. These findings, together with our previous reports (21, 22) , indicate that the CLP model could be a good research tool for the study of the biological mechanisms involved in the behavioral alterations secondary to sepsis.
